Background: Morchella conica Pers. is a species of fungus that belongs to the
Introduction
For several centuries wild mushrooms are part of the human diet due to their organoleptic characteristics (e.g., texture and flavour) and nutrition value. 1 In fact, mushrooms have excellent nutritional value, low lipid content and large amounts of carbohydrates and proteins, also presenting many essential amino acids. 2 Different species have also been valued for being an important source of fat-soluble vitamins (vitamins A, D, E and K). The abundance of bioactive compounds has sparked interest in this natural matrix. 4 Examples of those compounds present in mushrooms are tocopherols, 5 phenolic compounds 6 and organic acids, 7 some of them also responsible for their nutraceutical potential. 8 Several mushroom species have been studied by the scientific community in order to develop new therapies, and the results have proven their bioactive properties. 9 The nutraceuticals present in mushrooms have been related with their antioxidant properties 4 and antimicrobial activity.
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The free radicals formation is associated with the normal metabolism of the organism.
Nevertheless, the protection against free radicals can be increased by the introduction of antioxidants in the diet and subsequent role in the prevention of several diseases. 11 In fact, antioxidants can help the endogenous defense system, playing an important role as potential protective agents, reducing oxidative damage. In this context, the possibility of including mushrooms, which contain significant amounts of bioactive phytochemicals, in our diet can provide desirable benefits to health, beyond basic nutrition. 4 Furthermore, despite the wide diversity of antibacterial compounds, bacterial resistance to the antibiotic of first choice has dramatically increased. The association between multiresistant organisms and nosocomial infections raise the urgent need to find solutions. 12 Therefore, the discovery of new antimicrobial compounds effective against pathogens resistant to conventional drugs is crucial, and mushrooms seem to be a possibility.
Morchella conica Pers. is a fungus belonging to the Ascomycota phylum. 13 The head is distinctly conical in shape; the surface of head comprises a honeycomb of sharp ridges and deep pits and is rich brown in color. The texture is sponge-like; the head and stem is generally hollow. It grows generally on chalky soil in grassy woodlands, field margins ad roadside verges. 14 There are reports on its bioactivity, including antioxidant 15,16 and antimicrobial 14,17 activity. However, these studies do not include the chemical and nutritional characterization of the species.
In the present work, wild M. conica from two different origins (Portugal and Serbia)
was evaluated regarding chemical composition and bioactivity. The chemical characterization was achieved through the evaluation of nutrients (macronutrients, free sugars, fatty acids and tocopherols) and non-nutrients (organic acids and phenolic acids); the bioactivity of its methanolic extract was evaluated in terms of antioxidant and antimicrobial potential, as was the confirmation of non-toxicity tested in a primary cell culture from porcine liver cells.
7 curves obtained from the commercial standards of each compound. The results were expressed in g kg -1 of dry weight.
Fatty acids. Fatty acids were determined after a trans-esterification procedure as described previously by the authors. 19 The fatty acid profile was analysed using a gas chromatographer (DANI 1000, Contone, Switzerland) equipped with a split/splitless injector and a flame ionization detector (GC-FID, 260 ºC) and a Macherey-Nagel Tocopherols. Tocopherols were determined following a procedure previously optimized and described by the authors. 5 Analysis was performed by HPLC (equipment described above), and a fluorescence detector (FP-2020; Jasco) programmed for excitation at 290 nm and emission at 330 nm. Folin-Ciocalteu assay. One of the extract solutions (5 mg mL -1 ; 1 mL) was mixed with penicillin and 100 µg mL -1 streptomycin and divided into 1×1 mm 3 explants. Some of these explants were placed in 25 cm 3 tissue flasks in DMEM supplemented with 10% fetal bovine serum, 2 mM nonessential amino acids and 100 U mL -1 penicillin, 100 mg/mL streptomycin and incubated at 37 ºC with a humidified atmosphere containing 5% CO 2 . The medium was changed every 2 days. Cultivation of the cells was continued with direct monitoring every 2-3 days using a phase contrast microscope. Before confluence, cells were sub-cultured and plated in 96-well plates at a density of 1.0×10 4 cells well -1 , and cultivated in DMEM medium with 10% FBS, 100 U mL -1 penicillin and 100 µg mL -1 streptomycin. 20 Cells were treated for 48h with the different diluted sample solutions and the same procedure described in the previous section for SRB assay was followed. The results were expressed in GI 50 values (sample concentration that inhibited 50% of the net cell growth). Ellipticine was used as positive control. 
Statistical analysis

Results and discussion
Composition in nutrients and non-nutrients
The composition in nutrients of M. conica samples is presented in Table 1 . There were no significant differences concerning fat content. The Serbian sample showed the highest level of proteins and carbohydrates. However, the Portuguese sample had the highest levels of ash. The energetic contribution of the Serbian sample was also superior. Regarding free sugars composition, fructose was detected in both samples and in the same concentration ( Table 1) . Mannitol and trehalose, also very common in mushrooms, were detected in both samples ( Figure 1A) , and the Serbian one revealed the highest content in total free sugars. Mannitol, a sugar alcohol, has half calories of sugar and is half as sweet, and because it is poorly absorbed by the body, it does not raise insulin levels as much as sugar and also does not promote tooth decay. This sugar is also important in providing support and expansion of the fruiting body.
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The fatty acids quantified in higher amounts in M. conica (Table 1) were palmitic acid (C16:0), stearic acid (C18:0), oleic acid (C18:1n9) and linoleic acid (C18:2n6), being the saturated fatty acids (SFA; palmitic and stearic acids) present in lower amounts.
Oleic acid (monounsaturated fatty acid-MUFA) was found in higher percentages in the Portuguese sample; linoleic acid (polyunsaturated fatty acid-PUFA) was the main fatty acid presented in both samples ( Figure 1B) α-Tocopherol isoform was detected in both samples and the Portuguese one presented the highest levels ( Table 1) . On the other hand, β-tocopherol was only present in the Portuguese sample and δ-tocopherol in the Serbian one. It was the Portuguese sample that revealed the highest content of total tocopherols. The differences found could be explained by the fact that tocopherols are molecules that are very easily oxidised either during the fruiting body growth or in the extraction procedures. Therefore, it is necessary to consider all these aspects, as also perform certain precautions during the extraction methodologies. Vitamin E is found in large amounts in lipids, and some evidence suggest that this vitamin prevents or minimizes the damage caused by free radicals associated with specific diseases, including cancer, arthritis, cataracts and aging. 32, 33 Recent evidences suggest that vitamin E reduced Alzheimer's disease and dementia 34, 35 and has neuroprotective action against cisplatin peripheral neurotoxicity. 36 Vitamin E has the ability to prevent the spread of chain reactions induced by free radicals in biological membranes. 37 Regarding M. conica organic acids profile, it was possible to quantify three different compounds ( Table 2) , namely oxalic, quinic, and fumaric acids ( Figure 1C) . The wild mushroom from Portugal was the one that revealed the highest concentration in oxalic and fumaric acids, while the Serbian sample presented the highest quinic acid. The
Portuguese sample showed the highest content in total organic acids. Concerning phenolic acids, the studied samples revealed the presence of gallic, protocatechuic, phydroxybenzoic and p-coumaric acids, as also the related compound cinnamic acid (Table 2) . Gallic and p-hydroxybenzoic acids were only present in the Serbian wild sample. Protocatechuic and p-coumaric acids were found in highest concentrations in the Portuguese sample. The related compound cinnamic acid was only found in the Serbian sample. Puttaraju et al. 15 did not found p-hydroxybenzoic and cinnamic acids in an Indian sample, but the research group found six other compounds: tannic, gentisic, vanillic, syringic, caffeic and ferulic acids. Nevertheless, these authors applied a slightly different extraction methodologies and the method applied to identify the phenolic compounds also presented differences in the elution procedure, which could result in the differences found. Analyzing these results we can conclude that the wild sample from Serbia was richer in phenolic acids comparing with the Portuguese one. Phenolic compounds, namely phenolic acids, are among the most potent and therapeutically useful bioactive substances, providing health benefits associated with reduced risk of chronic and degenerative diseases. [38] [39] [40] It must be noted that the differences found in the chemical composition among samples of different origins might be related to a diversity of factors such as, climatic conditions and soil composition. According to the results it seems that Serbian species grown under higher stress with an increase in the production of secondary metabolites namely, phenolic compounds. Furthermore, differences found in individual compounds, can also be attributed to different extraction and/or analysis methodologies.
Bioactive properties
Analyzing the results of the antioxidant potential ( antibacterial activity against all bacteria tested ( Table 4) Regarding the antifungal activity ( As the methanolic extracts displayed antioxidant and antimicrobial activity, it was important to guarantee their absence of cytotoxicity against liver cells, which are considered the best in vitro model for studies of human cytotoxicity. The studied samples revealed no toxicity in liver primary culture PLP2, once the GI 50 values obtained were higher than the highest concentration tested.
Conclusions
Overall, the Serbian sample revealed the highest content in free sugars, PUFA and Cinnamic acid (mg kg -1 ) nd 12.9 ± 0.1 - Table 4 . Antibacterial and antifungal activities of the methanolic extracts and standard drugs (mg mL -1 ) (mean ± SD).
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